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Low temperature electron mobility in Ga0.5In0.5P/GaAs
quantum well structures
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Abstract : We analyse the low temperature subband electron mobility in a Ga0.5In0.5P/GaAs quantum well
structure where the side barriers are delta-doped with layers of Si. The electrons are transferred from both the
sides into the well forming two dimensional electron gas (2DEG). We consider the interface roughness scattering
in addition to ionised impurity scattering. The effect of screening of the scattering potentials by 2DEG on the
electron mobility is analysed by changing well width. Although the ionized impurity scattering is a dominant
mechanism, for small well width the interface roughness scattering happens to be appreciable. Our analysis can
be utilized for low temperature device applications.
Keywords : Electron mobility, delta doping, 2DEG, Ga0.5In0.5P/GaAs quantum well systems.
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1. Introduction
In recent years the ternary compound Ga0.5In0.5P has received much attention as an
alternate barrier material for the GaAs quantum wells [1]. The ternary compound
Ga0.5In0.5P is lattice matched with GaAs and has several advantages over AlGaAs,
such as, low density of DX centers, low surface recombination velocity, high ratio of
valence band discontinuity (∆EV) to conduction band discontinuity (∆EC), etc. Attempts
have been made to utilize Ga0.5In0.5P/GaAs structures in device applications viz.,
heterojunction bipolar transistors (HBT) [2] and high electron mobility transistors (HEMT)
[3]. Recently attempts have been made to understand the mechanism of interface
roughness limited electron mobility in Ga0.5In0.5P/GaAs quantum well structures [4,5].
However, the electron mobility in a delta-doped InGaP/GaAs quantum well system has
not been studied.
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Recently Sahu et al [6,7] have analysed the effects of intersubband interaction
and screening of the scattering potentials on electron mobility in delta-doped GaAs/AlGaAs
and GaAs/InGaAs coupled quantum well structures by considering ionized impurity and
alloy disorder scattering. In the present work we wish analyse the electron mobility in
a Ga0.5In0.5P/GaAs quantum well structure where both the side barriers are delta doped
with layers of Si. Here the interface roughness scattering plays an important role on
electron mobility for small well width. We consider a single occupied subband model
and calculated the intrasubband scattering rate matrix elements by including the effect
of screening. Our results of µn for different well widths can be utilized for low
temperature device applications.
2. Theory
We consider a Ga0.5In0.5P/GaAs quantum well structure (symmetric about z = 0 ) of
width ww. The barriers at the two edges of the structure are δ-doped with layers of Si
of width d (= 20 Å) and doping concentration N0 at a distance s from the
corresponding interfaces. We assume that all the carriers are transferred to the
adjacent GaAs well layer because of small spacer width s. The barrier height Vb at
the interfaces is taken as the conduction band offset of the GaAs layer and the
Ga0.5In0.5P layer. The Coulomb interaction and the alignment of the Fermi level (EF)
throughout the system causes the band bending. This gives rise to two symmetric
triangular-like potential wells near the interfaces of the quantum well system. The
electrons are confined to a narrow strips and free to move along the interface plane
(xy-plane) forming a two dimensional electron gas 2DEG [8] and leading to quantization
of the energy bands into subband structures along the growth direction (z-axis). We
obtain an analytical expression for V(z) by solving the Poisson’s equation by adopting
variational trial wave function approach [8]. The bound subband energy levels En and
wave functions ψn(z) are numerically obtained by using multistep potential method [9].
We calculate µn by assuming the ionized impurity and interface roughness
scattering. Using linear response theory [8] the screened potential V eff(q) and the
external impurity potential V(q) can be related through the inverse dielectric matrix
mn n m
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,
ε− ′ ′ . Within random phase approximation (RPA) the dielectric matrix can be written
as
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where qs = 2me2/ε02, F is the Coulomb form factor and χ is the static electron
density-density correlation function without electron-electron interaction [8]. For a single
occupied band (n = 0)
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The scattering rates B00, is expressed in terms of the scattering matrix elements
Vnm(q) as
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screened ionized impurity potential and interface roughness scattering potential can be
written as
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V0 = height of the potential well, ∆ = rms height of the roughness, Λ = auto-
correlation length, Zb = z-coordinate of the interface plane of the quantum wells lying
towards the substrate, i.e., at zb = –ww/2 .
3. Results and discussion
We take the conduction band offset Vb = 130 meV [4], width of the doping layers, d
= 20 Å, spacerwidth s = 80 Å, N0 = 1 × 1018 cm–3 and hence 2D electron
concentration Ns = 4 × 1011 cm–2. For interface roughness scattering, it was assumed
that the roughness exists only at the bottom interface i.e., at the substrate side. We
therefore consider the interface plane zB = –ww/2. In Figure 1, we present the results
of (µ0imp and µ0IR (in units of cm2/Vsec) as a function of well width ww. Increase in
ww increases the effective distance between the electrons and the impurity layer leading
to monotonic increase in µ0imp. Increase in ww also causes spreading of the subband
wave functions. As a result the amplitude of the electron wave function at zB decreases
leading to an increase in µ0IR. We note that for small well width, µ0IR predominate over
µ0imp. In Figure 2 we present the subband scattering rate matrix element B00 as a
function of ww in units of (10 sec–1). Screening causes reduction in the intrasubband
	


scattering rates B00 compared to their unscreened values. For small well width the
change in B00IR is drastic compared to that of B00imp.
4. Conclusion
We calculate the subband mobility of a barrier delta doped single quantum well
structure. We show that for small well width the interface roughness scattering is the
dominant mechanism which limits the subband electron mobility. However, for larger
well width, ionized impurity scattering predominates. We note our work can be
extended to calculate the electron mobility in a double quantum well structure by
including a thin GalnP barrier at the center of the well. A double quantum well
structure is a simple structure which exhibits tunneling in addition to confinement
effect. The results can be utilized for low temperature device applications.
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Figure 1. Subband electron mobility as a function of well width ww.
Figure 2. Scattering rate matrix B00imp and B00IR as a function of well width ww.
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